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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] Thepresentinventionrelatesto^ 
against viral mediated respiratory diseases. 

Brief Description of the Prior Art: 

[0002] It is believed that the viruses comprising infectious bovine rhinotracheitis virus (IBRV), parainfluenza subtype 
3 (PI 3 V) and bovine respiratory syncrtial virus (BRSV) are significant contributors to the respiratory disease complex 
l oa2 Disease signs of IbX/ may include high fever, hyperpnea, dyspnea and severe inflammation of the nasal 
mucosa with formation of mucoid plaques. Disease signs caused by PI 3 V may be weakness, depression, watery to 
^charge, fever.coughing and weight loss. Dfcease signs of BRSV may ,nc lude coj^ 
nasal discharge, ocular discharge, anorexia, hyperpnea, pulmonary edema and emphysema, and denuding of the 
I SSm, leading to secondary bacterial pneumonia and associated sequela. The signs vary ,n seventy, and 

amointraZscularlyorsubcutaneouslyadminis^^^ 

bovlneTiLachertl virus (IBRV), parainfluenza subtype 3 (PI,V) and bovine respiratory synofal virus (BRSV) in a 

Srialens et al. (Journal of the American Veterinary Medical Association, Vol. 194 No 9, May 1989 pages 
1273-1280) describe an IM-administered multivalent vaccine comprising among others modified live IBR, Pl 3 and BRS 

TOOoir While it is recognized that mucosal administration, orally or intranasally, would be a more effective mode of 

such vaccine containing these viruses, intranasally. nhrnann n i e p flt ent No 

[0006] Safe intranasally administered IBRV vaccines have been described. Zygraich a d L^^^^m 
3 907 986) have described a mutant strain of IBRV prepared by: a) induction and .solation of temperature sensitive 
mint strains an d b) serial passage of the obtained temperature-sensitive strains in heterologous cells. This > process 
waflaTc product an IBRV vaccine which was safe when administered intranasally to cattle. However th. group 
7n^ItaLr IBRV mutant with other viruses of interest here to show that it was sti» sa >^ 
do not adversely affect the mutant IBRV. Incidentally, Zygraich et al (Dev. Biol. Stand. J8: 482-488) have demonstrated 
that simultaneous application of modified live IBRV, PI 3 V and Adenovirus Type 3 d,d not produce disease when ad- 
mistered intranasally to susceptible cattle. These scientists did not evaluate BRSV as an added component to this 
^TheyS 

intranasal applications to stimulate a high antibody level. 

00U7] As is presentiy known, a triva.ent combination of IBRV, PI 3 V and BRSV strains which were modified .ve and 
appear to be safe and effective when administered by the intramuscular route, produced disease when adm.n stored 
intranasal*. It is speculated that the intranasal route of administration is equivalent to the normal infection route and 
herefore, virus stains which are not "sufficient* mutated" will produce disease. By the tern, "suftoentfy mutated is 
meant modifying the virus adequately to allow intranasal administration of the virus in a live form to cattle without 

oroducinq adverse effects will produce disease. „*„u AM f a 

?0008] Heretofore no trivalent vaccine prepared from modffied live IBRV, PI 3 V and BRSV has been , known to , b ^ safe 
and effective in bovines when administered by the intranasal route. Without being bound to one part ttoory* is 
believed that this vaccine combination has not been feasible because it has either demonstrated untoward reactions 
post vaccination (such as production of disease) or has demonstrated an interference interaction between one or more 
of the viruses such that the antigenicity is significantly reduced. 

[0009] From the foregoing, it would be realized that there is a need for a trivalent vaccine containing IBRV, PI 3 V and 
BRSV and a method of intranasally administering said vaccine to bovines. 

SUMMARY OF THE INVENTION 

[0010] In accordance with the following, the present invention encompasses the use of an intranasal* ^nitorrt 
modrf led live infectious bovine rhinotracheitis virus (IBRV), a modified live bovine parainfluenza subtye 3 (PI 3 V) and a 
non-virulent bovine respiratory syncrtial virus (BRSV) for preparing a trivalent vaccine for protecting cattle against viral 
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mediated respiratory diseases, wherein the vaccine can be administered intranasally in amounts that would protect 
cattle without causing vaccine-induced adverse effects including signs of disease. 

Sn T SumSS ft has been found by the present invention that there is no interference between the viruses and 
Eline Ssponded by developing protective titers after intranasal admiration of the vaccmes to them. 

DETAILED DESCRIPTION OF THE INVENTION 

100121 The trivalent vaccine useful herein contains modified live, "intranasally non-virulent", infectious bovine rhi- 
Shels v r ( BRV), modified live parainfluenza subtype 3 (PI 3 V) and non-virulent bovine respiratory synotia 
virus (BRSV). By the term "modified live" meant the virus has been reduced in virulence by any of several methods 

;;;7e^sage "eel, curfure; 2) forced adaptation to growth at normally-restrfctive 
wit'chemicalmutagenstoforcehighnumbersofmutationsandselectionforthede^ 

7^Z^n2i using rDNA technology. By the term "intranasally non-virulent" is meant the modrfied live virus 
e Ss educed or no clinical signs of infection when administered intranasally. As would be reahzed * 
oUhe vaccine are compatible and do not interfere with each other by blocking immunization potential and to£M> 
be ZEZ constitute a safe and effective multi-antigenic vaccine that protects bovine hosts against v.ra I mediated 
retp^atory disease. In the preparation of the vaccine, the antigens of the respective wuses are combined ,n a proper 

SaT EES*, the vaccine was prepared according to the following methods.. The IBRV component ^(original 
Em o the vaccine was obtained from a field case of infectious bovine rhinotracheitis. The strain was ™drf.ec to 

educe virulence by multiple passage in primary bovine kidney cells followed by 1 8 passages in primary rabbit k dney 
Sl^hus^odified live IBRV strain was used to prepare a Master Seed by passaging it 18 times m pnmary rabbit 
eel s in accordance with art-known techniques for the preparation of a modified live virus wh.ch serves as the 
EZtmivE A Working Seed was prepared from the Master Seed by passaging the Master Seed in pnmary 
EEE2 Sour more ties. The 1 st to 4th passage are used as Working Seed for actual valine produc on. 

00141 Virus from the Working Seed was used to prepare the vaccine by combining approximately 10*° TCID 50 
Ke Cultured 

of virus that produces a cytopathic effect (CPE) in 50% of the wells of a tissue culture Pjto>- 
[0015] Stabilized viral fluids were then cryopreserved by standard freeze-drymg (lyoph^.zat on) methods 
0016 The PI 3 V useful herein is known in the art. The original strain was obtained and .solved from a ieaprt«y 
outbreak in 1962. This original isolate was used to prepare a Master Seed by passagin g , ,t f rfteen time npnmary 
bovine kidney cells and nine times in porcine kidney cells in accordance with art-known techniques for the 'Potion 
of a modified live virus which serves as the Master Seed Virus. A Working Seed was prepared from the Master ^Seed 
by passaging the master seed in bovine kidney cells an additional 4 times. These four pas sages arf ™ « "J 
Seed. Virusfromtheworkingseed was used to prepare vaccine by combining approximately 106.^ 
ml of virus with an industry standard stabilizer. Stabilized viral fluids were then cryopreserved by standard freeze-drymg 

imT As to the BRSV useful herein, the original seed strain was also obtained and isolated from a field case of 
BRSV. The original seed strain was used to prepare a Master Seed by passaging it seven times ,n bovine krdney cells, 
eight times in bovine turbinate cells, and forty-six additional times in bovine kidney cell cuftures in accordance with art- 
known techniques for the preparation of a modified live virus. A Working y,.w*.«. 
pnq Seed was prepared from the Master Seed by passaging the Master Seed four more times in bovine kidney 
cells. These four passages all serve as Working Seed. 

[0019] Virus from the Working Seed was used to prepare the vaccine by combining approximately ^J™* 
equivalents/ml of virus with an industry standard stabilizer. Stabilized viral fluids were then cryo-preserved by standard 

[00^ from the foregoing description, the useful viruses are known in the art and methods of 

qrowinq the viruses such as propagation in a cell culture are also known in the art. Illustratively, the method of propa- 

effect is realized, harvesting the propagated virus, followed by f reeze-thawing the harvested virus and collecting the 

modified live viruses are known in the art. It is a distinct feature of the invention that the moated live viruses use ul 
herein are characterized in that they are intranasal* non-virulent. Methods of making a modrfied live 
non-virulent would be within the purview of the skilled artisan. For example, a modified hve virus can be mad Hntra- 
nasally non-virulent by multiple passage in host and/or non-host cell curfure, by forced f^ to ^ h J^l 
restrictive temperatures, by chemical mutagenesis followed by selection of desired charactenst.es, and by deletion or 
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Sefare com Ted or after they have been combined. The amounts of each virus which can be used are .relevant as 
5a^ 

is added to the bulk vaccine before freeze-drying. ♦ ra i, a i„ eo r«r>tein« <sueh as 

r00231 Stabilizers are known in the art to contain sugars such as sucrose, lactose and trehalose, protons such as 

2, serum bovine serum albumin and NZamine, and reducing agents such as thiosulfate 

«S The vaccine can be administered intranasal* in a dose of from 1 .0 ml to 5.0 ml, prefer " "° " 

K the vaccine would contain between 10" and 10» TCIfVdose of IBRV 10" and ^ ^*m 

PI iv and 1 03.2 ari d 10" T CED 50 /dose BRSV. The lower titer levels listed indicate the minimal amount of modified live 

vims which has been shown to protect cattle in previously-conducted vaccination/challenge studies. 

m The invention is further illustrated but is not intended to be limited by the following examples in wh.ch all parts 

and percentages are by weight unless otherwise specified. 

EXAMPLES 

[0026] A modified live intranasal vaccine made up of IBRV and PI 3 V labeled Nasalgen IP® was »^"> ' 
modified live BRSV vaccine labeled BRSV Vac® to produce an experimental, intranasal (IN) tnvalen t BR^V 
BRSV) modffied live virus vaccine. Reconstitution of such vaccines involved adding the 20 ml of stone , dftwtf (water 
for K packaged with the BRSV Vao® to the lyophilized product and shaking the contents unW d.ssolut.on oc- 
curred contents of the BRSV Vao® were then added to the 10 dose (20 ml) lyoph,l.zed Nasalgen 
IP® to reconstitute it. The final product was the trivalent vaccine (IBRV-PI3V-BRSV). «.\ta««tart« 
i£l Thisexpenmentaltrivalentvaccinewast^^ 

determine whether any interference could be detected between the various viral components and to confirm that pro 
tS level of the three viruses were present prior to vaccination. Virus titers measured after reconstrtut.cn of the 
components are compared with the original allowable titers in Table 1 . 



Virus titers before and after combination into a trivalent vaccine 


Virus 


Original Titer (TCID^/ml) 


Titer after reconstitution (TCIDgo/ml) 


IBRV 


105-5 JO 10 6 - 5 


105-7 


PI3V 


103- 5 TO10 50 


10 3.8 


BRSV 


10 3 - 2 TO 10 48 


10" 



100281 Asmentionedearlier,anlBRtiterofatleast105.5TCID 5 o/mlhasbeenshowntoprotectcattlefromchallenge 
Uh v rulent via . The reconstituted trivalent vaccine contained 1 0" TCID^/ml which falls above the m,mmum , >m- 
fective level required and indicates that the other two virus components do not interfere with this fraction Addrt.onally, 
S Sn 3 

Therefore, the IBRV and BRSV do not interfere with the PI 3 V. Finally, the BRSV titer ,n the -""^^"J 
vaccine was 10" TCID-Wml which is above the minimum protective dose for this virus and indicates that the IBRV 
and PI3V do not interfere with BRSV. It is apparent that this trivalent combination overcomes the problem of incompat- 
ibility or interference between these three viruses. . ..... 

0029] in order to confirm the lack of interference and prove the effectiveness of the tr.va.ent vaccme m the host 
52 were vaccinated wKh the trivalent vaccine and compared with calves vaccinated with the .ndivid al vaccines 
(Nasalgen IP® and BRSV VacR®) as well as with non-vaccinated control calves. These comparisons involved observ- 
ing the animals for disease or adverse reactions post vaaination and evaluating the sem 
developed by the cattle for both IBRV and BRSV, the two most critical fractions in this trwalent combination. 
[0030] Twenty-fivecalvesweresplitintofivegroupsoffiveanimals each andtreated as descnbed mTable2 Tnvalent 
vaccine was administered to 5 cafces in a 1 .0 ml per nostril dose which is considered the normal field dose 1 X). Five 
cattle received five times (5X) the normal field dose in order to confirm the safety of the modified Ijve talent intranasal 
vaccine. As controls, the Nasalgen IP® and BRSV VacR® were administered to 5 calves each and one group of 5 
calves received no vaccine. 
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Table 2 



Vaccination regimen for calves J 


Group 


No. of Calves 


Vaccine 


Dosage ml/Nostril | 


1 


5 


Trivalent (IBRV-PI3V-BRSV) 


l A 1 .U 


2 


5 


Trivalent (IBRV-PI 3 V-BRSV) 


5X - 5.0 


3 


5 


Nasalgen IP® (IBRV-PI 3 V) 


1X-1.0 


4 


5 


BRSVVacR® (BRSV) 


IX- 1.0 


5 


5 


Nonvaccinated Controls 


none 



1X = Field Dose 
5X = Five Times The Field Dose 

[0031] All calves were observed post vaccination for signs of disease (nasal erosions, ocular discharge, nasal dis- 
charge, anorexia, coughing and elevation of rectal temperature). 
[0032] Points were assigned to clinical signs as indicated below: 

Normal = Z = 0 points/day 
Nasal Discharge = N = 1 point/ day 
Ocular Discharge = 0 = 1 point/day 
Coughing = C = 2 points/day 

r00331 Results of clinical observations are shown in Table 3. 

0034 Table 3 not only shows daily clinical signs but also summarizes the 1 4-day results numerical* under th 
column markedtotal. It is noted that the nonvaccinated control calves responded with a total average cl.n.calsgn score 
on 2 This can be considered a baseline. Groups 1 , 3, and 4 calves had clinical sign score totals averaging less than 
that of the nonvaccinated controls. Only group 2 calves had a clinical sign average greater than that of the . nonvacci- 
nated control group. Even this value of 4.6 is not a clear indication of disease as calves which ^^SJST 
olely show a clSnical sign average of 25 or higher. It is, therefore, concluded that all of the vacxine MM 
including the trivalent vaccine containing five times the normal level of the three viruses, were safe in calves when 

SS5IT. linal "prool of compatibility of IBRV, P. 3 V and BRSV in an intranasal trivalent vaccine 
measuringthe antibody responses in the calves receiving the various vaccines de * ribe K d P rev,ou ^ 
responses were quantised using serum neutralization assays known in the art. Such assays involve mixing a^uted 
serum from animals in the study with a standard amount of virulent virus and then placing the mixture on a susceptible 
Ss ue c7ure Jthe virus hasnot been neutralized by antibodies in the serum the tissue culture cells will show a 
^SSl CPE). If antibody is present in the serum dilution it will block the CPE. The last dilution of serum to 
completely neutralize the virus k considered the endpoint and is denoted the antibody titer. In this study one must 
compare the antibody titers produced by calves vaccinated the 1X trivalent vaccine with calves vaccina ted wrth Na- 
salgen IP® and BRSV Vac®. Such a comparison will demonstrate whether there was a loss of antigenicity when the 

EST TaWe4 Z thTnSody titers against IBRV and BRSV on the day of vaccination (Day 0) and at 14 days post 
vaccination Since PUV seronegative calves are almost impossible to find and this viral component is known to be 
Sarins, itlere not evaluated. Although the individual caK titers are listed the geometric . mean 
titer (GMAT) is the most meaningful and should be compared forthe group response. It is noted ir » Tab e A thatthe 
Nasalgen IP® and BRSV Vac® vaccines (Groups 3 and 4) produced 8-fold and 3-fold increases in IBRV titers espec- 
t^y whereas, the tnValent 1X (Group I) vaccine produced a 28.5-fold increase in IBRV t,ter and the tnvalen 5X 
Grou P ll)vaccineproduceda22.6-foldincreaseinlBRVtiter. These aretruly vaccine responses as the nonvaccinated 
controls Group 5) did not show an increase in titer. Obviously, the IBRV was not adversely affected by the other two 
Is components in this trivalent combination vaccine. Similar titer trends are observed with the BRSV fraction. The 
BRSV virus is known to generally produce low antibody titers. The antibody responses produced by ca ves receiving 
the trivalentlXand trivalent 5X vaccines (2.3-fold and 2.4-fold respective*) were comparable to those trters produced 
by calves receiving Nasalgen IP® and BRSV Vac® R (1 .6-fold and 3.3-fold respectively). One can conclude that the 
BRSV was not adversely affected by IBRV or PI 3 V. Again, the nonvaccinated control calves showed no increase in 
antibody titer indicating that there was no external exposure to BRSV. 
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[0037] Surprisingly, the intranasal vaccination of calves with this newly-discovered trivalent vaccine containing IBRV, 
PUV and BRSV produced a significant antibody response which would normally be considered protective. Additionally, 
this combination trivalent vaccine, even when administered intranasal^ as a 5X dose, did not produce adverse signs 
in calves post vaccination indicating that the combination is safe. 
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Table 4 
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IBR AND BRSV SERUM ANTIBODY TITERS 






IBR 


BRSV 


Group 


Calf 


Day 0 


Day 14 


Day 0 


Day 14 


1 


246 


< C. 




ft 

u 


8 




250 


0 
< c. 




1ft 


8 




251 


o 






<8 




252 






16 

1 u 


45 




283 




1fi 
I U 


q 


16 




GMAT 


1.2 


34.2 


5.4 


12.6 


2 


254 




I D 


ft 
o 


11 




280 




I D 


Q 
O 






289 


<£. 


on 


A 


Q 
D 




294 




1 ft 


q 


11 
I 1 




295 




1 ft 
1 D 


Q 
O 


11 

1 1 




GMAT 


1.0 : 


22.6 


5.4 


12.7 


3 


249 


<d 


41 


1 1 






257 


3 




A 


Q 
O 




278 


3 


VIE 


II 


1 ft 

1 D 




285 


<2 


1 R 
1 O 


Q 

o 


11 

1 1 




299 


<d 


44 

11 


Q 
O 


Q 
O 




GMAT 


1.6 


12.8 


7.9 


12.9 


4 


247 


<£. 


<4 


A 
H 


11 




277 


<£. 






o 
o 




284 


<£. 




q 
O 


Q 
O 




287 


<^ 


<r4 




<rft 




292 




-^4 


1ft 


1ft 




GMAT 


1.0 


3.0 


2.9 


9.5 


5 


248 


<2 


<2 


<2 


2 




281 


<2 


2 


11 


3 




291 


<2 


<2 


6 


4 




293 


3 


<2 


8 


2 




297 


<2 


<2 


3 


<2 




GMAT 


1.3 


1.2 


4.4 


2.2 



45 

Claims 

1 . Use of an intranasally non-virulent modified live infectious bovine rhinotracheitis virus (IBRV), a modified live bovine 
50 parainfluenza subtype 3 (PI 3 V) and a non-virulent bovine respiratory syncitial virus (BRSV) for preparing a trivalent 
vaccine for protecting cattle against viral mediated respiratory diseases, wherein the vaccine can be administered 
intranasally in amounts that would protect cattle without causing vaccine-induced adverse effects including signs 
of disease. 

55 2. The use of claim 1 wherein the vaccine is in a dosage of 1 to 5 ml. 

3. The use of claim 1 wherein the IBRV, PI 3 V and BRSV are present to titers of at least 1 0 5 - 5 TCIDgo/dose IBRV; at 
least 10 35 TCIDgo/dose PI 3 V and at least 10 3 - 2 TCIDgo/dose BRSV. 
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Patentanspruche 

1. Verwendung eines intranasalen nicht-virulenten modifizierten infektiosen Lebend-Rinder-Rhinotracheitis-Virus 
(IBRV), eines modifizierten Lebend-Rinder-Parainfluenza-Subtyp 3 (PI 3 V) und eines nicht-virulenten Rinder-Re- 
spiratorsynzitial-Virus (BRSV) zur Herstellung eines trivaienten Impfstoffes zum Schutz von Vieh vor viral medi- 
ierten Atmungskrankheiten, wobei der Impfstoff intranasal in Mengen verabreicht werden kann, die das Vieh schut- 
zen, ohne Impfstoff-induzierte Gegeneffekte, einschlleBlich von Krankheitsanzeichen, zu verursachen. 

2. Verwendung gemaB Anspruch 1 , wobei der Impfstoff in einer Dosierung von 1 bis 5 mL vorhanden ist. 

3. Verwendung gemaB Anspruch 1 , wobei das IBRV, PI 3 V und das BRSV mit Titern von mindestens 10 5 » 5 TCID^ 
Dosis IBRV, mindestens lO^TCIDgo/Dosis PI 3 V und von mindestens 10 3 ' 2 TCID 50 /Dosis BRSV vorhanden sind. 



R eve ndicat Ions 

1. Utilisation d'un virus de la rhino-trach6ite Infectieuse des bovidSs (IBRV) vivant modifie, non virulent de maniere 
intranasale, d'un virus para-influenza de sous-type 3 (PI 3 V) de bovides vivant modifie et d'un virus syncitlal res- 
piratoire bovin (BRSV) non virulent, pour preparer une vaccin trivalent pour proteger le betail contre les maladies 
respiratoires virales, ou le vaccin peut etre administrd de maniere intranasale en des quantity qui protegent le 
betail sans provoquer d'effets nuisibles induits par le vaccin, y compris des signes de maladie. 

2. Utilisation suivant la revendication 1 , dans laquelle le vaccin est administre en une dose allant de 1 a 5 ml. 

3. Utilisation suivant la revendication 1 , dans laquelle I'IBRV, le PI 3 V et le BRSV sont presents a des titres d'au moins 
1 0 5 - 5 TCIDgo/dose d'IBRV ; d'au moins 1 0 3 - 5 TCiD 50 /dose de PI 3 V et d'au moins 1 0 3 - 2 TCID 50 /dose de BRSV 



